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(1) ^n 1 !-^^ 5Lf-*>^ -§- D lH 3 

7>^o^ ^ -g-oH^ *flS<!rKr #7)1, (2) #71 -S^" -§-^ 50~600°C5. 7><ISH #7l ^l-^ 

* 1£-*fM?i *H Sfe ^ ^>5|-« ^hz.<$*}7} *g^5\Sm- <5>±r #711 ^ (3) ^-71 M-^7s> 

« g-*M*Hr #^i# ^ se^ ^ a>s)-# M-^<a^ *hs*?hh ^ ^h^. 

^llS^^^r ^sMI ^>-§-*>^l ^ ##tb oiijLoi^iH.5. ^efls] 

^lS^^l wl«fl ^>#^^£ -^H*!- H7l^ -g-^ *H<3 M-^*y lE^b ^-4=- a>5|-# 

£ 1 
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M-i^*}^ ^flS^ {Preparation Method of Magnetic and Metal 

Oxide Nanopart icles} 

S. 2a, 2b ^ 2cfe zj-zj- t^ofl 6nm, 9nm, 12nm 4^*}«- ¥4^4 

^nl^JlS. £-4* ^-B^ ^ojtq-. 

5L 3a, 3b ^ 3cfe AA ^ *H2^ 6nm, 9nm, 12nm 3flBf<>lB M-t 0 d*rl- ¥ 

4^^P1^^ ^jrfl- iJ^Mi ^olcf. 

£14^^ ^<Hl tc|-er A^ 6nm, 9nm, 12nm ^ 3flHHH 3£3|- 
^SL3. ^Srtr ^4* ^\fl ^o]c]-. 

£ 6^ ^ A^^l SltB *l|eMH M-i^rS- ^4^rM u 1^3. 4#tr ^jj]- 

M-Er\E 
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^« M-e^ ^14. 

£ io^ *na^i ^>s}-# m-^*}^ x--a n& &q ^4* m- 

£ 12^ ^ofl nj-e). ^i^fl ^>5}-# M^*}* ^«fl^ ^M^H^l^ 

^« M-^^H ^^cf. 

£ 13^ ^^ofl tt)-^ *fla€ ^M^H^l 3-2.3. 

^41- v^Bfvfl ^olcf. 
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[^tgol ^*Rr 7] £ ZL £o>ii| #efl7l#] 

*HI«Ml*r (l) Hi^r 3m%^*fl Hl^r tH^^I* i^V^r 3 

7V*H ^ -§-^# *llS<5Kr #7fl, (2) ^-71 ^ 50~600°C3. 7}1*}^ <#7) ^^1-^ 

I- ^^fl^ S^r ^ ^>5}-# M-^°« 1 7f7> 51-1=- «Hr ^Tfl ^ (3) ^-71 M^*}- 

S. <gz\73 ^cf(Dai,Z.R. ^r. ^c. Mater. 2003, vol.19, p. 9). ^ w>^-o.s ^g- 
^ M-i^Kr 7}7l^-^ ^afl, 71^- 7U> nfl^ , , 7^, ^ 

^ 3HS-#^-olH.(ferrofluid)sf tf<#^ £-°Hl -§-g-°l 7}^ 3°_jsL ^l^Jl 

(Zarur.A.J. Nature, 2000, vol.403, p. 65; Majet ich,S.A. Science, 1999, vol.284, p. 470). 

<18> ^-7l^r 13 ^ ^ 

^ ^Ml ##J13-*) ^ *8^£ A3- °d7>^ ^^-o] ^0^5: 

<19> tfl^l^yfl^-Sl 7112003-0082395^^ ^ 7fl£$H§*l|# ^-"fl iJHH 30 ^7] 

200°C^1^ ^-§-*l^ ^^M^ 1^ ^r-^*^ t^ffi ^lS^JL ol ^> 
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50 vfl^l 500°C^1^ <I^1M^ 7*8^ ^ M-^^^* ^ 

<20> cflt}- 1 ?l^-^7fls-^ ^2003-008234, US 6,262,1295: ^ Shouheng Sun, 

J.Am.Chem.Soc, 2002, vol.124, p. 8204^ € <g , <lh2-§:, -fM^V ^ -ff-7l ^WJL 
°1 ^#^8: 200 360°C3. 7><1*H ^^^-(Fe 3 0 4 ) 4^*} *Hfi# ^l^rRr 7lM 
*H 5£i=h ^71 aflS^lHH H7lfe £ <g rfl a>/o>^] till- ^sM^t^ ^ M-ii 

<21> 5E Cf€- ^efl 7l^jsL ^4* * °1 -^M* ^#^*H4 -g-nfl 7 > 

HI 7^ -g-^ofl ^<9*H ^ 2^ ^ 

(Peng, X. Chem. Mater. 2004, vol.16, p. 3931). 
<22> *V3g ; =4* a>^-# u^oj*}^ 3.71 # s€*Hr3l ^tb^* ^ ^ SE^r 

<23> ^f, ^A>C]H g 7^1^1-^^7|- -g-^-i; 7>1^r ^ ^ ^JE^ ^ 

*>» X| 2:^: u o v ^°l 7flAl3£)ol ojcfCCheon, J.Am.Chem.Soc. 2003, vol.125, p. 15981). 

<24> S *flS ^ 741^%^^1, -g-ufl, ^sM^ ^ -SrS.'Hl A i °1 

"o v ^ M-iL^7f# Tfl^Kr <£3^ ^cf(Park,J.T., J.Am.Chem.Soc. 2003, 

vol.125, p. 3408). 
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tfl^r^^ll^-*! ^12003-00823955: ^ Park, J. T. J .Am.Chem.Soc. 2003, vol.125, p. 3408^: 

#3* ^^-g- ^-S-^>4. ^ 2#7j] ^-^^.S <y«fl 4^*>°i a^r°l 

t^lol ^7 r 5]^r ^ ^o> a>2}-# MOc^*^ ^12: #7> ^7>^ ^Tfl^ 

-§: #JL &t}. v]^r^*\ US 6,262,129^, tfl^l^-Sl *ll 2003-0082394 ^ Shouheng Sun, 
J. Am.Chem.Soc, 2002, vol.124, p. 8204.^ ^^1^1 S^iS^, -fM^V ^ -ft-7l ol^Tfl 

. ^-*] , D ^H4 £tt sflBWB ^#2] ^ofl 5a°H -frSK^ 3, 

*o V # g 3^-H^l ^sf-^rr 2°1*1^ M^l^l #Sl«^^o] ^^-g-^- <5><*| ^c] $^£l^ 5)1 
Hl-olB ^ ^21 ^-^ul7> <a*l*>*l v+ic^^ ^271 ^ 

4^ ^1^# #JL Peng, X., Chem. Mater. 2004, vol.16, p.3931-£- ^ 

* ^ • ^1^1 -S-^^l ^1^1 (rapid injection)^) °] #^£r # 

^ tH^U 3*fl*Rr :H***>*M Ai^^v ^oj # ^ H tii-g-i-^ 

^^>7l nfl£-<Hl -M*b M-^^^}!- cfl^o.^. ^*>7l <H^4. ^>^:7l-^lS Cheon, 

J. Am.Chem.Soc. 2003, vol.125 p. 1 5981*11*1 H ^ -id^*^* -H^r ^^l -g-«H 

«1 ^ (rapid inject ion)*H °l y o v ^ ^ M-ii^r* $)2i*}7} «fl^l q-i^ 

7># cfl^o.^. ^13:§>71 <H^J1 ^^tr ^«fl^^ ^112 ^«fl^lfe- ^-^1^ 
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<26> oHl ^ ^^Ml HL^fr -M ^ ^W^. 

7>^sr>^ ^ ^ ^ X}-^ q-^cy^ ^-^^s. iE^r ^ 

£3.71^1 ^# ^°J7} ^# i4^°J^l- ^lS^- 9l^x; ^ Q 

<27> i£t^ aV^.^ a ^ «r^^l# A>-g-§>xl 8>jl ^b^r^V- ^ -E-^ 37l^- 

^ t-f^7>^ ^ H o V ^* ^fl^>al^> 

<28> ^ ^0.5. (1) ^ ^1^*^^ 

-g-^Hl ^ -g-«?fl# ^S^tt #31, (2) ^7] ^ -8-°-^* 50~600°C:sL 7><g*V^ 

#7l ^-§-^ t-g-Sfl^ ^ ^ ^og^ ^ #3} ui (3) 

^7] l4^^7># ^*Kr #7fl-& i^-^V 7}^ HL^r ^ ^>5}-lr M^T^ ^S 1 ^^* 

<29> ^ (1) ^M^: Tfl^^MMl 31 <S *ll # £t*fe -§" D 1H ^ 

7 >*>o^ ^ -g-<sj# *fl2:*Rr (2) ^7] ^ -§--2"* 50~600°C5. 7}^eH -#7l -id^-M 

* <i£-*flAl^ Sl^r ^# ^±<$X}7} ^S)^ ^ cjTj] ^ ( 3 ) a o V 7 1 ^v^*} 

* £-Bl*Rr SL^tt *Md <4^^7f iE^r ^# M"^*}^ ^l^^oll # 
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<3i> £ -^o^ »*}^ #^#^ n 3.fe Tilts] JWi-, ^ 7ll<l2) Sl- 

^ Tlll^ ^ ^r^l^(MX a , M=Fe, Ni , Co, Gd, 

Mn, Zn, Cr,Cu, X=F, CI ,Br, I, 0<a<5) ?H<1^ W, ^ 5l#3L3l3HB ^l<i^ ^ff, 

=■4* ^Hj-^olH ^11^ ^ — ^1 °~l Sfl °1 B 311^ iE^r -fi-7l #4? 7fl<t^ ^ 

<32> ^-71 ^-4f M B 31 °1 B 7fl<l^ ^#^1^ mil) i~|B3HB, ^(iii) ^HeflolH, MB 
3MB, iSlJ-B i-lBelMB, MBelHB, M*fi ^BeiM^ ^ ^el MB3MB ^1 

<33> ^71 ^ -g*MH Tim^] € ^5llolH(II) ( € ^HB(III), *NHB, 

3tH *^HB, i^HB, ^P-el ^MB ^ ^5)HB --o] i^t}. 

<34> ^-7] ^ #^s.oHl£o>^Eflo]H Tllt^ € B^#^^ d MlB<>Ml3HB, 

soHisoHi^oiH , ^ ^jA>ss.o,5oHi^HiEfloiH ^ <>1-<S «n 4ffis4^] B<>M1 31 ^1 
B -f-c] i^r}. 

<35> ^7) =4* ^-e)-ol£L 7)11^ ^#<^1^ ^(11) #B5M=, ^(IH) #5.5HJ= , f^VE #S 

bb4°1b, €(111) bb^mh, s^tb bb^hb, bb^mb, ^ bb*Hb, °> 
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<g ja^M^., ^(ii) ofoi^cfoic t ^(iii) o}oi_£_cfoiT=, ofoi^cfoiH., *}°]Sl 

<36> #7} ^4=- 3]#S.S.eflolH Tfl 0 !^ 5}-t#<Hl^ mill) ^#S.5.^olE[ Fe ( C1 0 4 ) 3 ] ; S^B 3] 

#S3.3HH[Co(C10 4 ) 2 ], ^ ^#S.S.eflolB[Mn(C10 4 ) 2 ], ^#^S3HB[Ni (C10 4 ) 2 ] , 

3H-^^.EflolH[Cu(C10 4 ) 2 ] ^ °>°i ^#SS3HB[Zn(C10 4 ) 2 ] ^©1 i^^. 
<37> ^-7] ^nf^olH 7^] I©] S|- ^-#©11^ 1 1§4^1 o lB(FeNH 2 S0 3 ) 2 , ^4 D H°lH(MnNH 2 

S0 3 ) 2 , M^fi la^oflol^NiN^SOs) 2 . 1&^HH(CoNH 2 S0 3 ) 2 , ^3 

^4uilolH(CuNH 2 S0 3 ) 2 ^ d >«?! i&^MB(ZnNH 2 S0 3 ) 2 -§-©1 i^tf. 
<38> ^-7] ^ ^El^eflolH 7fl?Jo] Sj-W^ ^ ^E] ^ 3} H [Fe(0 2 Ci 8 H 35 ) ] , ^o^HH 

[Mn(0 2 Ci 8 H 35 )] ( M€ ^cHeflolH[Ni(0 2 C i 8 H 35 )], 3HH[Cu(0 2 Ci 8 H 35 )] , S^B 

^i^3MH[Co(0 2 C 18 H 35)] ^ ©>9i ^<H^olH[Zn(0 2 Ci 8 H 35 )] -§-©1 S-^tJ-. 

<39> ^1-71 -a-71 ^-4=- ^)<i^ ^-^^ ^(III) 3]HeHl^£s^-£- ^ 

4°l^[(C 44 H 28 N 4 )Fe] 2 0, 

Be]i(2 ) 2,6,6-^H5l-^l^-3,5-^^ol^i-ilolE)^( III )[ Fe ( CllHl9 o 2 )3; ej^s. Fe(TMHD) 3 ] , 
tili(2 ) 2,6,6-eflHHl-^^-3,5-^^:tq-o]^.v1lolH)q^[Ni(CiiHi90 2 ) 2 ; ^<H3. Ni(TMHD) 2 ], 
(2,2,6, 6-EflHB]-T>l]^-3,5-^^T4 c 'l^-^ o lH)S^-H[Co(CiiHi90 2 ) 2> 6 -]=«HS Co(TMHD) 2 ] , 
(2,2,6,6-EflH^l^-3 ! 5-^f]-cfol^.i,-ilolH)^T L ^[Cu(C 1 iHi90 2 )2, Cu(TMHD) 2 ] , 

(2,2,6,6-EflH^l^-3,5-^^©l^vilolE)o]-oj[Zn(CiiHi90 2 ) 2 , ^HS. Zn(TMHD) 2 ] ^ ^ 
(2,2,6,6-EflHe}^^-3,5-^^ol^vilolE)u o v ? >[ Mn ( CllHl902 ) 2> Mn(TMHD) 2 ] if" 
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<40> #71 ^#^"5L^r o]6\] °VM*1# ^4=- ^ol= 7fl<I(MX a , M=Ti , Zr, 

Ta, Nb, Mn, Sr, Ba, W, Mo, Sn, Pb, X=F, CI, Br, I, 0<a<5 )£\ 3TO#<>1 A>-g-^ ^ oicf. 

<41> -g- i£tgcq ^yj-^o^ ^ £E^ ^ *Vs*-§- M-ir.^^># ^^1^171 

Ml^#^^l"7> ol^-s|^cfl ^.e^ Tfl^lr^MHl^ #sfl^r(oleic acid), 5M-^Klauric 
acid), iEflo>^A>( st earic acid) *1^3l^K m yster ic acid) ^jA}^^}-^!^^]: 
(hexadecanoic acid) ^ -fM ^(C n C00H, C n : ^Hr^, 7<n<30)*r Sr^Q of^Coleyl 
amine), 2f-fl of^Oauryl amine), H^ii ^(trioctyl amine), cf°l^-^ ^^(dioctyl 
amine) ^q^>cfl^ ^(hexadecyl amine) -§-^ -ft-7l oj-u] (c n NH 2 , C n : UrsH^, 7<n< 

30), £c-H^]; E]-i;(dodecane thiol), ^A>c-fl?> E^Chexadecane thiol), ?r 3# 

(heptadecane thiol) ^ ^ B^(C n SH, C n : ^SHr^, 7<n<30), EflH^^l^ 
H^r(tetradecyl phosphonic acid), -^rEMl'el 5.^5.H^r(octadecyl phosphonic acid)^f iHr 
iiSH^r(C n P0(0H) 2 , C n : 7<n<30) ^ ^M^r HiM^-fi ^>o] = 

(trioctylphosphine oxide), H^-^-^ £i^(tr ibutylphosphine) , <M ^HH. 
(alkylsulfate), «M i^MH(alkylphosphate) , tflHer^ ^-2-^" W-^Ctetra 
alkylammonium halide) JS-l^cf . 

^tr -S-flH^ ^ °ll^l^(octyl ether), iffl^ ^] = ( benzyl ether), 3)]^ <>11 31 =.( phenyl 
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ether) ^ <fl^H = ^l 5r^#(C n2 0, C^SHr^, 5<n<30)3f ^ ^ Hi 

^ -f-^ ^Sr^r^(C n H m> 7<n<30), ^efl-LKoleic acid), ^tHl auric acid), i^o|-5 
^(stearic acid), DjiEfl^AXmysteric acid) ^a}^?^^ Al(hexadecanoic acid) -f-^ 

-fV7l^]:(C n C00H, C n : ^rSK 5 -^, 7<n<30)2l- ^^1^ o^Coleyl amine), eHM <>Kl(lauryl 
amine), HE^H ^^(trioctyl amine), ^r°l^-^ ^r^Cdioctyl amine) iE^ ^MHl^ 
(hexadecyl amine) ^ -£-71 o>^l(C n NH 2) C n : 7<n<30), £313: ^^(dodecane 

thiol), ^a>H1?> ^(hexadecane thiol) lE^ ^|iM?r E} ^( hep tade cane thiol) ^4 ^ 
<£?r E]^:(C n SH, C n : i&sK^L, 7<n<30) ^1 X^^^r <>H1 ^*r£]^ ^ °}^. 
<43> *r^, l^l ^r€- ^13^^ #31 UHH^ ^ 7}^ ^-i-^ (i) ^1^%^^ 
HL^r (ii) 31 ^#^1* i^Kr -§-*lH ^ ^-ofl o. ^^-t}. ^ .g-ofl - 

ofl 31 ^^l^ ^#^31 1^*1 100afl, ti>^*>7ll^ 5 ^fl^l 70«fl, iL^ w>^*>7fl^ 8 
ifl*] 50«fl^ <£o_S 91^. 2L*1, ^ -§-nfl 7 > ^ ^ 

^-^2] l vfl^j lOOtifl, taV^^-Tfl^ 2 60«fl f Ji^r fr^^lfe 5 40^1^. 

<44> ^- ^6\] CCj-S. ^^o} c^} (2HH^ ^7^1 (1)2} ^ -g-^-g- 50 xfl*l 600 °C , J±4 *r 

Tllxr 100 ifl*l 450°C, w>^-^*>7fl^ 250 400°CS 7}1*H iE^r ^ 

^ 50 tfl^l 600°C^H 30^ tfl^l 3^1 7}<£f>}JL #4? ^>^# i|t 0 ^}t Tfl^V J17> is}^ 

50 ^fl^l 600°C<>1H l£- vfl^l 2Al?i^ol 7><lSRr ?H ^Wnf. 
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<45> £ 13.1341 rc)-s ^^tij-^o] cf^ (3)oflA^ (2HH ^ iE^r 

^ W# M-^^^l- M-^*Kr ^<3 3H1 ^ 91^ 

■6: 37>*H ^lStb ^ -§-°4* 7><lSH ^ ^14. £ 

<47> ^EflolH A>3)--§- t^o^o} H 7l^ ^^"U^ ^£41 ^*fl 2*3^ ^ 5U 

±§-5L7} ^ 7 m^ a>S)-# 3.7}S. 71^14. 

^Exr -g-cfl^l <£-£-S ^5. $a*4. ^l^J^L 6nm ^S^Rr -g-^fl# 

30 t4|^] 35Hfl, <4 9nm *F<3 *V3*-# 14^^ -§- u B# 15 vfl*l 20*11, 

2f 12nm ^ M-i^Hr -g-^# 5 10^^ <#o_S | 7 )-5}^ afls^ ^ 

^ ^ W# ^ir-°g^"^ 2# Ol^-o] ^ 7jl^*^^# 5L^Rr -§-*lH ^7> 
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SU4. 7fl^«-^^j|7> -fr7l<+4 -R-71 0>^0. S o]^o]^\ ^-fo|)^ ^-71^ Ul7> ^7>^ 

^ ^ W# 4^*}^ #7>^cf. ^oflAi 3^ ^, 2-30 nm^ ^ 

^# ^ $1^ -a-7l^>/-a-7l o}^ ti]^ 1/50 50/1, ^Tflfe 1/25 

tfl^l 25/1, iH} w>^3)*}7flif 1/12 ifl^l 12/1*1 t)-. 
<50> o]sfrty ^x$6\) 4= ^j^aj-^^; M x O y (M=Fe, Ni , Co, Gd, Mn, Zn, Cr, Cu, 0<x 

<3, 0<y<4) ^ 1^ ^ ^fAS o]^^l a>^-1- uf^og^ mm' 2 o 4 (M ^ 

M'=Co, Ni, Mn, Zn, Gd, Cr) -f- 2f^ =-4? ^^iS °1^<>|31 4^ *V5j-# M-i^x}7> 

<5i> 5Etb, ^ofl 4^ -g-^H M x 0 y (M=Ti , Zr, Ta, Nb, Mn, Sr, Ba, W, Mo, Sn, 

Pb, 0<x<3, 0<y<5) f- lf^ ^ <>l-?-<H*l ^ ^# M-^^^}^ BaTi0 3 , 

PbTi0 3 , ZrTi0 3 , BaSr x Tii- x , PbZr x Tii_ x 0 3 (0<x<l)^ 2^ ^ ^-g-JlS o^o^ 4^ 

^1 #^1 nj-e)- -£°H1 3-§-€ ^ ^aflS ^ *Md 142^ 

9X^. Efo}^ >L>5r# M-i^*Rr ##*ti ^ 4»H £°H, M-^t-Kt 

bi ^^1^ *m, ^ #*fl ^ ^ *M ^lis $14. 
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<53> o]*}, ^Al^^ ^fr .M- ^^*>7l £ SLX) 

S^HM *1 4J.fr 7>^l 7Hl7fl ^Jo]cf. 

<54> <^Al^ 1> 

<55> t±<$%. 3711- M-ii^^}^ 

<56> 0.1M ^^(Aidrich) ^ 0.1M Br-fli <>>^l(Aldrich)fr 290°C^ 20ml ^eJoflBfle 

(Aldrich) -§-*HH € MB5MH(Aldrich)t 1*1?! <I£-Sfl 3^a]:-§-(thennal 

decomposition)*}^ 6nm ^S}li ^^7># ^ £E*V, ^ -§-*ti^ 

lOmlS. *}JI ^-7l 6nm M-i^*}^ ^j2f^2|- -g^t} ^r^H 9nm -i+s}*! 

^^^m ^lS*}^. o}-§r^, #^tr ^ H 0 Vl ?HH -g- D fl^ °<ffr 5ml5. *}:□. #7l 6nm, 
9nm M-^^7>>^ ^^uzf ^^tb ^*}« *r*8*H 12nm H-i^M- z\}^-s}<% 

^. 

<57> ol^Tfl ^3 <L>^€ ^^^71-1- ^-f}*}^ -g- 0 -" 20^» TEM grid (Ted 

pella Inc.H t^^e]JI ^ 30^- ^*} ^n] 7j (EF-TEM, Zeiss, acceleration 

voltage lOOkVHH &%*}3L o}°) £ 2 °\) 5L 2a, 2b ^ 2c^ ^ ^ v 

^ofl n}5} ^l^^ 6nm, 9nm, 12nm ^^r^l ^ ^3. ^r% v tb M-^r 

Ml 7jo S s-^^j. a7 ]^ a>5|.^ v}i^7}7} ^*}7fl ^5]^ ^°}xQr ^ ^SS^}. 

<58> ^jAjofl 2> 

<59> nv^> 3fle}o]H(MnFe 2 0 4 ) M-i^*}^ ^ 
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<60> 6nm ^15|°1H ^i^*}^ % qH3HH(Aldrich)2f WS.^*] (Aldr ich) ^id^M 

2:l^| ^^VJl 0.1M sR-^^ ^ 0.1M eH-fi °>Yl* itr*r^ 290 20ml ^% 

iH^s -g-nfloflA-1 1A1^> ?H ^l^*>^cf . 9nm, 12nm sfleMH M-i^*r^ 

<61> oj^Tfl ^ ^l^^lH M-i-^^m £-3- £ 3°)) M-Hfufl^ 

cf. £ 3a, 3b ^ 3c ^ Zf^r tgr^efl n)-^ *fl^ 6nm, 9nm, 12nm Jffl^olS ^-^7} 

* ^;#*V ^Vfi 3* -2-3. 3.7}9\ ^ ^ojH M-i^7>7> 

<62> Ajvg^H Aj- 7 ] nJ-^J- 3E)le}o]E l^oI^o} H7 )6fl £^ o] ^ 

SQUIDCSuper conducting Quantum Interferencing Device, MPMS)# °l-§-*H ^*>^JL, 3E. 4<fl 

<63> atV, A>7l 5fle}o]E i4^^7># ^-B-*>^ 20/z«» lEMi^l SfJ^I TEM grid (Ted 

pel la Inc. HI Jl °J= 30^- ^S^Tj ^ iZL^ ZL^-^fl^ ^F-^r #74*1 °1 ^ (High Voltage 

High resolution TEM, Jeol , acceleration voltage 1250kV)<*lM ^#*>Jl, S. 5^1 ^^r# M-Bj- 
vfl^tr. s))e}-olB 14^*9^ -f^M ^ inverse spinel) # 

<64> <^A]afl 3> 

<65> 4*4°1H M-^7KCoFe 2 04) £ M€ 3)l5r°lH 7>(NiFe 2 0 4)^ 
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<66> #7] 2^ *J-?J #sbM^ ^d^#^ tflAlofl s ^v B tr^ u| 5g #5.eH c (Aldr i ch) *3 

<6?> o]^t11 ^€ aighE sfleMB ^^^> % 2]15}°i;e u^o^-g. ^F-^^HlM^ AS 
^#t!: ^4 £ 6 ^ 5. 7<i ^Ej-i^t}. ol S «-Ei <y*> 3.7)7} 9inmS ^I^Tfi 

<68> <^Ja]<^] 4> 

<69> ^-^7.}°) tflef ^ 

<?o> ^a]^i ^ lOtifl ^7^1^ 4 g ;§ ^HeflolH^ 1M eH- sa> ^ im 5} 

-fH °>^l^r 290 M 100ml ^-iHHl^ t>2l-€ M-^ 0 tJ^# ^*>5! 

^Cf. °] S «-Ei -g"^ 0 ] ^^HM-Jl 37lSf 3.<$3E. ^^j. A>5)-^ uJ-i-OJ^ tfl^O-S. ^ls^ 
<72> <^X|ofl 5> 

<73> E|-OlB)-^- ^3>)-# 14^^^^ tM3 

<74> 0.5mmole ^o]e]-^- ^HB^^g^riCAldrich)-!- 0.28g ^^(Aldr ich) , 1.7g ^efl^ °>^1 
(Aldrich)32f ^ 290°C<>1H 2^- 1£-*fl ^ bH^tt M-^^^l- ^2: 
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5nm^ zj^jq- 25-30nm^ b}o1e}-^ i4^^^7> ^£^-§-^8: 

<76> -g-nlH «-AV^ Efo]E^ M-^^^Vl- ^51^ 7l^(lcm X l C m) ^ 

ofl -M-fr ^^m^-. ^-^^ ^ X^d ^7l(XRD, Rikagu)!- 

<77> <^X|ofl 6> 

<78> Alsj-^- q-^o^o} ^ 

<79> O.lmmole ^lB^^eM — (Aldr ich)# 1.63g 0.54g ^efl<^ ^ 

350°C<^i l^m #-§-^ M-ic^^>« ^12:^4. 

<80> o]^7fl A>2|-# ^^V^l ^ ^#^T ^J2f* £ 1H M-Ej-Xfl 

12^1 ufEl-vfl^cf. A>g|.°. vf^oi^ ^^^ol -f^^H <010> y oH^S ^ ^ 

<82> <^A]<^] 7> 
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<83> nV^j- q^oj^o) ^ 

<84> 0.5 mmole #^5M^(Aldrich)-i- 0.28g 1.64g *efl<^ o}^^ 2 70°C 

203- ^ 1-g-*fl ^-§-^1^ ^>5}-# M-ii^^# ^S^cf. 

<85> o]^t11 #2Hi- M-i^^^m ^M-^Hi^ ?J:#tF S. 13*H 

^. ^> ^# q-2t<a*>7> ^Bfl^ ^^sl^ji ^oi7> «a^^-g- 

< 87 > o^ai, ^# M-i^H) tfl*M x-4d 3^ *H€ 3-^ -a- ^l*>:n. 

<88> £ ^*$<>\] ^^yj-^-i- ^^Ml «M1 ^# q^°d 
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[^^^^] 

(1) *H3 Hi^r ^ Jfl^SHM SLtt 7H^>M# S.^*\t= -g-*!M £ 

^- -g-ofl-g. *ll2:*Kr #31, (2) #7l ^ -g-^ 50~600"CS. 7>£*M #7] ^^^-^o] <g«-«fl 

Al^ ^^-S" M^^r ^ #7fl ^ (3) #7l l4^^7># ^E]^} 

#« *Hg iE^r #Sr# M^*f^ . 

2] 

2\ 3«#, ^ «^soHl£ol-A-llEflolE jj)^ sJ-^-i-, ^ ^ols.(MX a> M=Ti , Zr , Ta, 
Nb, Mn, Sr, Ba, W, Mo, Sn, Pb, X=F, CI, Br, I, 0<a<5) Tllt^ 3W#, ^ *\W3^S.^°] 
H ?fl<£^ ^ ^sj-uflolH Tfll^q 9"^ iEl^eflojH 7fl<tsl s}-^-# £ -fi-7l 

^ 31 1£] ol^^l Zll-0.5LJfEi ^l^Tr ^SLS. f>}^ *H§ 

A>^-# ^#^. 
3] 

^1 2%H1 $>H*1, #71 #4* Tfl^^ s^3-£ ^(11) qn^MH, $(IH) MHefl 

MBelMH, S^H qHefl^lH, <^>^ MB3HB, ^ ^sl u]e 

EflolHS °l-f-<H*l ZL#o.S^-Ei #^3x7 3# HL^ ^ #s}-# M-^°J 
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4] 

[3^* 5] 

oHls<>MHMBS <>1^-<H*1 nf-iis-^ ^^.s s}^ ^ ^>5}- 

6] 

^ 2%H1 9X^^\, ^ ^"^1- ^m^] 3Wi-g: €(ID ^(III) #S^o] 

eM-E-, ^(H) i±^.n>ol = ( ^(III) y.^P]-ol = ) iS^B tL3.w>°lH., q*3 ti.Snfolc, ^ 

tLS^OlH., 0><£ y.^P>Ol^ ; ^(11) 0>0]^.Cf0l^ ( ^(H I) C>0l^.Cf0]C j TjjrQ 0}0]^0] 

i|L<>|;*! m-^-S-^-E^ ^Hfls]^ ^-g- O.S. *}tt ^ q^^^>2] ^)S«o V 
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7] 

3l#S.^eflolHS <^<^ ZL#^S^-Ei ^s]^r ^ ^sj- 

8] 

9] 

°1H, M€ ^El^efloiH, ^e) ^El^H^ 3tl ^EHelHH ^ ^E^elMHS. 
10] 

*fl 2%H1 SU 0 ^, $-7) Tfl^ mill) *flS JlB^Nl^ ^ Cfol 

Hsl^(2,2,6,6-^Be]-^^-3,5-^^:i=f^^vi]olH)€(III) ) ^^(2,2,6,6-^1^^^^-3,5- 
^^cfol o,vilolH)M^, wl^(2,2,6,6-^lB&(-cll^-3,5-^fi:Cf 0 l-2-i-1l 0 lH)^^-B, ^ 
(2,2,6,6-EflB^l€-3,5-^^-4^^^l c »lS)^ L B], tili(2 ) 2,6,6-tllE 5 ]. c i)^-3 > 5-^^cfol^i,-ll 
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o]E)o><g ^ til^(2,2,6,6-Eflmel-^l^-3,5-^^ol^.t|lolE)^^.S °l^f-<H^l ZL#o.S-^-Bl 
^£)tt 3# W# M-^^ ^2: « 0 >^ . 

[3^8- 111 

*ll HM ^ ^ ^eHH(MX a , M=Ti , Zr, Ta, Nb, Bin, Sr, Ba, 

W, Mo, Sn, Pb, X=F, CI, Br, I, 0<a<5) Tflt^ ^ff fl J iE^r ^ 

[3^* 12] 

*H 11%H1 #7l ^ ^ois. ^1^^ eH^t BflB2r#S.et-^l = , ^1=3 

13] 

*fl 1%H] sa<H^, 31^%^^ -fM-iKCnCOOH, C n : ^rSK^, 7<n<30)4 -fi-7l 

<=»>^(C n NH 2 , C n : 7<n<30), ^-g:(C n SH, C n : 3rSHr4i f 7<n<30), 

^-(C n P0(0H) 2 , Cn: l&SK^, 7<n<30), M 3^M|°1H, eb^bj ^H-^-, HB^ 

^-i: ^HJils ^ i&^r ^ -SrSj-l- q-^<y^ . 
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14] 

15] 

*ll 13* 0 H1 91°]^, ^"71 -fM ^-efloj O >oi ( el-^-^ o}^, Hsl^-^ °}^, <>} 

^ «]AH1^ OV^O.S oj^^^l ZLl-ilS^-Ei AjE»£]^. ^ o. ^10 S ^ ^ 

16] 

13^1 5^*1, -*7l im E^^ SC-fl?}; E^, ^A}^ ^ ^Bq-T^l^V E]^ ojifLc^ 

17] 

18] 

1*J-°11 SZ^^i, ^71 -g-nfl^- <HlBfle^ SMa--§-(C n2 0, C n .&$-^±., 5<n<30), 
ft5|-^^.^-(C n H m , 7<n<30), -8-7l>LKC n C00H, C n : <&sH^, 7<n<30), -fM o>^(C n NH 2> C n : 
7<n<30) ^ El-i;(C n SH ( C n : ft^H^, 7<n<30)S ajifLo^ j^o^*^ 

^5]^ ^ AS. TsfAj 3:^ ^ a>^. # M--oi^o] ,1^^. 
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19] 

<H*1 Hf-O.S.JfEi #«?=|fe- 51 -g- ^lo S t}^ 3^ #4* ^ii^^ afl^^. 

[3^8" 20] 

*)1 18%H] 5a°H, ^"71 ^SH^fi-fe ^|A> W ^ 3|*h2-3. °1^-<H*1 af 

o.s.wle^ ^J^tt ^HJ°-iiL <5>^r Hl^r ^ M-ic^^l-^ 

21] 

22] 

23] 
24] 

^1 i^°fl A oM -id^F-M^ l ifl*l loowfl^l <#J15. -g-oJH s.^ 
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25] 

^RjiLJL <5}-fe ^ 2L^r ^ #2|-§- M^*}^ ^12:^^. 
26] 

*fl 1%H] SU^I, *H #^1-^ S^Rr ^ -g-^^- 50 tfl^l 600°C<^H 30^- ifl^l 3^1?± 
27] 

*)1 1^"<H1 $1^^, ^ ^i^l-^-i- XWtt ^ -g-^^r 50 600°C^H l^r 2Al^> 

-^oV 7><1^ ^^iLS *Rr ^ 5&^r ^ ^# M-i^T^ *flS^ . 

[^T 1 * 28] 

1^1 91°]*], *H ^#1^ s^^-H *H<3 W# M-i^*}^ 3711- s^sRr 

^lO S *}^r HL^r #^ M^*^ 

l^^ty 29] 

^ 1*^1 sx°]*] , l&e) 7ii^#^^7> oj-g-^ 3 s^^, 2#^ 

^47} 3-M*7 ^-g-HH- ^ ^>2l-# M-^^7>^ 

3# *>^r Hl^r ^ 0 J7>S1 *fl2^. 

30] 
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31] 

A 30*oHl $X°]*}, ^7) ^ M-i^Kr M x 0 y (M=Fe, Ni , Co, Gd, Mn, Zn, Cr, 

Cu, 0<x<3, 0<y<4)<y ^ *H SEfe ^4? ^>S|-# M-i^T.}^ ^2. 

32] 

*)1 30%H1 SH^i, #7] ^ M-i^Rr MM' 2 0 4 (M ^ M'=Co, Ni , Mn, Zn, Gd, 

Cr)<t! 53 # ^^-S SL^r ^ >&3j-# i4i^*l-£] *H2^. 

33] 

M-^^7>ol S.^o. S ^ ^ rc^- =4? . 

34] 

*fl 33%H1 5*1 °H, Aj-7] ^-4=. q.^oi^ M x 0 y (M=Ti , Zr, Ta, Nb, Mn, Sr , Ba, 

W, Mo, Sn, Pb, 0<x<3, 0<y<5)^l ^ ^^SLS. iE^r ^ 

35] 

*fl 33*<M1 fl<H>H. -*7l ^ ^4? >&3-# 14^^ BaTi0 3 , PbTi0 3 , ZrTi0 3 , BaSr x Tii- x 2 
PbZr x Tii_ x 0 3 (0<x<l)^l f^AS ^ #4* i4^^7>^ afla^. 
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